The low multipole anomalies of the Cosmic Microwave Background has received much attention during the last few years. It is still not ascertained whether these anomalies are indeed primordial or the result of systematics or foregrounds. An example of a foreground, which could generate some non-Gaussian and statistically anisotropic features at low multipole range, is the very symmetric Kuiper Belt in the outer solar system. In this paper, expanding upon the methods presented in [1], we investigate the contributions from the Kuiper Belt objects (KBO) to the WMAP ILC 7 map, whereby we can minimize the contrast in power between even and odd multipoles in the CMB, discussed in [2, 3] . We submit our KBO de-correlated CMB signal to several tests, to analyze its validity, and find that incorporation of the KBO emission can decrease the quadrupole-octupole alignment and parity asymmetry problems, provided that the KBO signals has a noncosmological dipole modulation, associated with the statistical anisotropy of the ILC 7 map. Additionally, we show that the amplitude of the dipole modulation, within a 2σ interval, is in agreement with the corresponding amplitudes, discussed in [4] .
Introduction
The departure of the CMB from statistical isotropy and homogeneity has attracted very serious attention since the first publications of the WMAP data [5, 6, 7] . Investigations of the low multipole anomalies of the WMAP co-added map and the ILC whole sky map can clarify possible sources of "contamination" [2, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21] . The low multipole non-Gaussian features and departure from statistical anisotropy of the CMB can be related to the foreground residuals [1, 22, 23, 24] , systematic effects [25] , or it could even have a primordial origin, for instance by a violation of the Copernican principle [26] , a primordial magnetic field [27, 28] , or by a non-trivial topology of the Universe [29, 30, 31] . Usually, discussing uncounted residuals of the foregrounds as a source of low multipole anomalies, one can assume that most of those residuals are associated with the Galactic plane, while for instance, the observed quadrupole -octupole alignment [16] is connected with the ecliptic plane. Spergel et al. [32] have pointed out, that low multipole anomalies, like a power asymmetry and statistical anisotropy of the CMB signal, correlates with the ecliptic North and South poles, and more generally, reflect the morphology of the map of number of observations (MNO). Indeed, [33, 34] building on the work of [35] and [36] have identified a quadrupolar power asymmetry, confirmed by the WMAP team [37] . Most likely, this anomaly indicates an influence of the beam asymmetry on the CMB signal, discussed in [38] . However, as it was pointed out by [39] , in spite of significant distortions of the phases of the CMB signal, an anisotropic beam could only change the beam window function with less then 0.6% at l ≫ 400, and it is insignificant for estimation of the CMB power spectrum at the low multipole range l ≪ 200, with changes at the level of < 0.1%. Most of these tests are based on the CMB maps, meaning that a high quality of data reduction is essential. In contrast, as recently proposed in [2, 3] , the parity test requires only the CMB power spectrum, which is usually estimated with significantly better accuracy than the CMB map [40] . The idea of the parity test is based on the analysis of the ratio g(l) of the powers, stored in even and odd multipoles. For a statistically homogeneous and isotropic random CMB signal, g(l) should have no preferences in respect to l = even or l = odd (see [41, 42] for discussions). In this paper we would like to focus on an extension of the parity test, quadrupole-octupole alignment and lack of angular correlations at θ ≥ 60 o 1 for the whole sky CMB map, taking under consideration the possible contributions from "new foregrounds" like the Kuiper Belt objects KBO, (see for review [43] ), counting them as a source of contamination of the CMB [1] . Under the standard assumption that the KBOs is localized mainly in the Ecliptic plane, this foreground is potentially "dangerous" for the quadrupole-octupole alignment. More importantly, due to the high degree of symmetry, the morphology of the KBO signal could be remarkably similar to the morphology of the MNO, for instance at the V-band, and at least at the low multipole range l ≤ 20 − 30, where the power is comparable to the CMB power spectrum. In [4] , the concept of dipole modulation of the CMB is presented. The dipole modulation is effectively an addition of a term in harmonic space, with an amplitude A. This extra dipole term multiplies the primordial (true) cmb temperature value, at a given location on the sphere, with a number between −A and A. If the location coincides with the direction of the dipole modulation, the number is A, and if opposite the dipole modulation direction, the number is −A. Effectively this introduces a dipole component in the measured map. See [4] for further details. The critical point of our analysis is the assumption, that the dipole modulation of the CMB, is associated with an unknown systematic effect. Thus it affects not only the measured primordial CMB signal, but all the measurements of the foregrounds, including the KBO, as well. We estimate the temperature change which the model-KBOs contribute to the CMB. We show that unlike the model of [1] , de-correlation of the ILC 7 and KBO leads to a decrease of the power of even and odd harmonics, improving the shape of the parity parameter g(l). Moreover, we will show that a KBO-ILC 7 de-correlation could change the significance of the quadrupole-octupole alignment, down to the level of spontaneous (chance) correlations. Thus, if the KBOs are responsible for the parity asymmetry of the CMB, one should be cautious of the alignment of quadrupole and octupole components of the CMB. The outline of the paper is the following. In section 2 we introduce the basic characteristics of the parity asymmetry. In section 3, we discuss the model of the Kuiper Belt. Then, in section 4, we present a method of cross-correlations of the KBO foreground and the WMAP ILC 7 map at low multipole range. Section 5 is devoted to the analysis of general properties of the cross-correlations between ILC 7 and KBO signal. In section 6 we investigates the distortion of even and odd component of the ILC 7 map. Section 7 is devoted to the cleaning of the ILC 7 map by de-correlation with KBO emission. Additionally we look at the implications for the parity asymmetry and the quadrupole-octupole alignment, and test various properties of the KBO filtered signal in section 8. Finally, in section 9, we summarize our results and draw our conclusions.
Odd multipole preference of the power spectrum
The temperature fluctuations of the CMB can be decomposed into spherical harmonics in the standard way:
where a l,m is the coefficient of decomposition: a l,m = |a l,m | exp(iφ l,m ), with φ l,m as the phase.
Under the assumption of total Gaussian randomness, as predicted by the simplest inflationary model, the amplitudes |a l,m | are distributed according to Rayleigh's Probability Density Function (PDF) and the phases of a l,m are supposed to be evenly distributed in the range [0, 2π] [44] . For any signal T (n) defined on the sphere, one can extract a symmetric T + (n) = T + (−n) and an anti-symmetric T − (n) = −T − (−n) component, where 2) and Γ + (l) = cos 2 (
. For the concordance ΛCDM cosmological model with initial Gaussian adiabatic perturbations, we do not expect any features distinct between even and odd multipoles. However, there have been reported power contrast between even and odd multipoles of WMAP T T power spectrum [2, 3, 37, 40, 45] . The corresponding estimator for "even and odd" asymmetry of the CMB power spectrum is given by [2] :
where C(n) is the usual power spectrum. At lowest multipoles (2 ≤ l ≤ 23), there is odd multipole preference (i.e. a power excess in odd and a deficit in even multipoles) as discussed in [2, 3, 40, 45] . 
KBO's as a 'new foreground'
The contribution from the residuals of the foregrounds into parity asymmetry of the CMB was widely discussed in [1, 2, 45] . Unlike the first two papers, the last one claims that uncounted foregrounds, like emissivity of dust from the Kuiper Belt, could explain the detected parity asymmetry of the CMB. The main idea of the method proposed in [1] is that a very symmetric foreground, when taken into account and subtracted from the WMAP whole-sky ILC map, could amplify the CMB power stored in even multipoles, increasing the parity parameter g(l) (i.e. mitigating the observed parity asymmetry) for the multipole range 2 ≤ l ≤ 23. An illustration of the idea is shown in Fig. 1 , where the models of the KBO emissivity are shown in Galactic and Ecliptic coordinates for different angular heights of the KBO H = 15 o , 30 o and 70 o . The blackbody-like radiation from the KBO affects the intensity of the microwave sky in the optically thin limit as follows:
where ν is the observation frequency and B(ν, T ) is the blackbody radiation spectrum at temperature T , and τ (r) is the optical depth of KBOs at the sky direction r. The second term on the right hand side of Eq.(3.1) arise from the occultation of CMB photons by the KBO. The FIRAS data imposed the most stringent constraints on the sky-averaged optical depth of KBOs, which is τ ∼ < 3 × 10 −7 [1, 46, 47, 48, 49] . The heating is mainly due to the radiation from the Sun. Therefore, it is possible to calculate the temperature of these objects at the equilibrium, assuming that it arises from the conversion of the solar radiation absorbed by the object into microwave emission. At a distance of 40AU, where KBOs are most densely populated, we find an equilibrium temperatures of ∼ 43.7K [49, 50] . In Table 1 , we show the frequency spectrum of KBO divided by the CMB anisotropy spectrum f (ν of KBOs does not vary significantly even between the both ends of the WMAP observation frequency:
Therefore, the KBO emission may be confused with intrinsic CMB anisotropy, even when the contribution to the microwave sky emission is sizable. For the allowed values of the optical depth, τ ∼ < 3 × 10 −7 , the KBOs may have an averaged effect on the CMB data as big as ∼ 15 µK. Provided the KBOs have certain large-scale patterns, KBOs may have an effect large enough to be the culprits of reported large-scale CMB anomalies [2, 3, 14, 16, 17, 19, 20, 26, 40, 45, 51, 52, 53, 54, 55] .
Angular distribution of the KBO emissivity
To investigate the emissivity of Kuiper Belt, we adopt the models by [1] , where the Kuiper Belt covers a symmetrical band in the Ecliptic plane of constant disk height H, with uniform temperature distribution. Following [1] , we pick three models, defined by the angle ±H KBO /2 from the Ecliptic plane, where we choose H KBO = 15 • , 30 • and 70 • respectively. For the three values of H KBO , we set the temperature inside the Kuiper Belt, so that it agrees with the upper bound of 15µK for the entire sky, as calculated previously in the article. In practice, we do this by calculating the respective fractions of the total sky area, for each value of H KBO , and finding the required temperature inside the band from this value:
where we work in spherical coordinates, with H in radians and where B is a normalization constant and Θ(x) is the Heaviside-function. In the discussion which follows, we will use the average temperature of the KBO emission as normalization of B:
Now, we decompose the KBO signal into spherical harmonics and get the following coefficients of decomposition:
For H ≪ π/2 in Eq.(3.5) we can use the following Taylor series representation:
where the two primes denotes the second derivative. The first derivative vanishes for even l = 2n, due to the symmetry of the model (
dx | x=0 = 0). This gives
Here Γ(x) is the Gamma-function. For l(l + 1)H 2 /24 ≪ 1, from Eq.(3.5-3.6) one can get:
Thus, for l ≪ 35
15 o H(deg) the coefficients of the expansion f l,0 have the following analytical representation:
In order to test the influence of our models on the lowest multipoles, we now find the power spectrum for each value of H KBO and compare them with the ILC power spectrum. The results are presented in Fig. 2 . It is clear, that for all 3 values of H KBO , the power of the KBO quadrupole is strong enough to affect the ILC quadrupole. For higher multipoles, H KBO = 15 • can affect the even multipoles up to l = 19.
CMB-KBO cross-correlation
In this section we will discuss general properties of the KBO foreground, basing our analysis on the symmetry in the Ecliptic system of coordinates. Firstly, we will assume that the emissivity of the foreground S(θ e , φ e ) is very symmetric with respect to the plane θ e = π/2 in Ecliptic coordinates, and do not depend on the azimuthal coordinate φ e :
S(θ e , φ e ) = S(θ e ). This assumption, leads to the following properties of the foreground:
.., clearly demonstrating that only even multipoles can be affected by the KBO-foreground. At the same time, at the level of 3σ [4] , the ILC 7 map has dipole modulation, which will provide a coupling between the even and odd components of the KBO emission, depending on the orientation of the dipole term and the corresponding amplitude of modulation. Here we assume that this kind of modulation has a non-cosmological (systematic) origin, leading to a distortion of the CMB and the foregrounds as well.
To assess the problem of a possible contamination of the ILC by the KBO-foreground, we will use the model of the CMB signal for a given direction on the sky n:
where T c (n) and T ilc (n) are the temperature of the intrinsic CMB signal and the ILC signal respectively and χ kbo (n) ∝ T kbo (n) corresponds to the residuals of the KBO emissivity. Υ(q, n) is the function of dipole modulation, dependent on the given sky direction n, and the direction of dipole modulation q. Finally ε(n) = Υ(q, n)χ kbo (n) is the dipolemodulated component of the KBO signal. Let us briefly mention some possible causes for this dipole modulation. Bear in mind, that the cause must be systematic in nature, since it must affect both the primordial CMB signal and the foregrounds. One possibility to consider is the effects of the calibration, including striping, during creation of the map [56] . An incomplete compensation for the effects of striping could give rise to an artificial dipole modulation in the map. A similar possibility arises from the residuals of the model for the gain factor, where an inconsistency between model and actual gain, could result in a dipole modulation [6] .
In the forthcoming discussion we will assume that the function of dipole modulation takes the simple form Υ(q, n) = A(qn), where A = const is the dipole modulation amplitude, and qn is a dot product of the two vectors q and n. We would like to point out that the amplitude of the dipole modulation can be estimated from Fig. 2 , with A ≃ 0.3 − 0.4, which is comparable with the results by [4] at the ≤ 2σ-level. As a result of the model above, the residuals of the KBO emissivity (the second term in Eq.(4.1)), are symmetric with respect to inversion: χ kbo (n) = χ kbo (−n), while the last term, dependent on the dipole, is anti-symmetric: ε(n) = −ε(−n). In the multipole domain these two component contribute to the coefficients of the spherical harmonic decomposition additively:
where c l,m is the primordial coefficient of decomposition, Γ ± are given by Eq.(2.2), ς(l) and ρ(l) are weighting coefficients, and ε lm can be expressed as
Here b lm relates to the parameters A and n by the relation b lm = 4πA 3 Y * lm (n). As stated earlier, for the given model of the KBO we have f l,m = f (l)Γ + (l)δ m,0 , and thus, in Ecliptic coordinates, Eq.(4.3) can be simplified as follows:
General remarks about KBO -intrinsic CMB cross-correlation
In this section we would like to show, that excluding dipole modulation, the primordial CMB signal need a very strong cross-correlations with the uncounted foregrounds. The case is entirely different with the inclusion of dipole modulation however. Let us discuss this issue in more detail. Following Eq.(4.2), we assume that the ILC 7 signal can be represented in the following way
Let us define the coefficients of cross-correlations between the ILC map and the foregrounds, and the primordial CMB and the foregrounds as follows:
Combining Eq.(5.1) and Eq.(5.2) we can get the following equation for the ς(l) -parameter: 
where C ilc (l) is the power of the ILC 7 map, and
is the factor of modulation of the ILC 7 power. Now, by using Eq.(5.4) we can estimate the parity parameter for the primordial CMB as
In order to increase the contribution of even multipoles in parity parameter g p (l), the func-
should satisfy the following conditions:
That means that there are only two variants:
where the + and − in the superscript symbolizes that the κ or the K is drawn from either V + or V − respectively. The first case (with |κ + | → 1 and symmetric foreground) was discussed in [1] , and it requires a significant coupling between the primordial CMB and KBO-foreground at the level |κ + | ∼ 0.7 − 1. Due to the very clear established non-Gaussian properties of the KBO-foreground, a high correlation between it and the primordial CMB temperature anisotropy, is in contradiction with the assumption about a statistical isotropic and Gaussian intrinsic CMB signal. Thus, the improvement of the parity parameter by an increase of |κ + | (hereafter Model 1 ) will have lost its theoretical basis. In contrast, for |κ ± | ≪ 1, the only way to increase g p (l) from Eq.(5.6), keeping the assumption about Gaussianity and statistical isotropy of the intrinsic CMB signal, is to get |K − | → 1 and |K + | ≤ 1 (Model 2 ). Thus in the optimal case, we have a high correlation between the ILC signal and the KBO-foreground for odd multipoles, and at the same time, a relatively low correlation between the ILC signal and the KBO-foreground for even multipoles. At the end of section 6.2, we will return to these conditions. The contribution from the KBO emissivity into the coefficient of cross-correlations 
where
and
Here Θ and Φ are the coordinates of the dipole modulation in the Ecliptic system of coordinates, and f l,m = f l Γ + (l)δ m,0 is the KBO foreground. Due to the high symmetry of the KBO foreground, only the even multipoles l = 2n, n = 1, 2, .. are presented in Eq.(6.2-6.3). That means that ε l,m -term in Eq.(6.2) has only three non-vanishing component with odd l = 2n + 1 and m = 0, ±1. Namely,
where: l = 2n + 1, and
. (6.5)
Particular model of dipole modulation. Maximization of the octupole component of cross-correlation
As it is follows from Eq.(6.1) and Eq.(6.2), the coefficient of cross-correlations depends on orientation of the dipole in the Ecliptic coordinates (Θ, Φ). Let us discuss one particular choice of Θ and Φ, which maximize the coefficient of cross-correlations K − (l = 3). As we have pointed out in introduction, our main goal is to show that KBO foreground can resolve the parity problem at the range of multipoles 2 ≤ l ≤ 23. However, this model can potentially explain the quadrupole-octupole alignment also, due to coupling between even and odd components of ε l,m , given by Eq.(6.4). In particular, the octupole component of ε l,m , according to Eq.(6.4) depends on the linear combination of the quadrupole and l = 4-components of f l,m . Due to the azimuthal symmetry of the KBO emissivity, these components have opposite phases. Thus, the coefficient of the KBO quadrupole and octupole cross-correlation depends only on Θ and Φ. Since KBO quadrupole and octupole components could correlate with the corresponding components of the ILC, maximizing correlations between the ILC octupole and ε 3,m , will provide the optimal way for a disalignment of the intrinsic quadrupole and octupole. In Table 2 we show all the component of the ILC octupole in ecliptic coordinates. As one can see from this Table, the phase of (3, 1) component of the octupole is ϕ 3,1 = 1.227, which means that in order to maximize the K − (l = 3)-coefficient, the azimuthal angle Φ should satisfy the following equation: Φ = −ϕ 3,1 . Then, the coefficient of cross-correlations K − (l = 3) is given by:
where we have used the following definitions: ε 3,0 = b cos Θ and |ε 3,1 | = c sin Θ (see Eq.(6.4)), C(l = 3) is the power of the ILC octupole and
The nominator in Eq.(6.6) has a point of maxima at Θ = η, and it vanishes at Θ = η +π/2. As it follows from Table 2 , the amplitudes of the octupole in the Ecliptic coordinates are at the same order of magnitude, while the parameters b and c depend on the power spectrum of the KBO angular anisotropy. This is why we will focus on two asymptotics, |b| ≫ |c|, and |b| ≪ |c|, in order to investigate the dependency of the cross-correlations on the particular choice of these parameters. In the case |b| ≫ |c|, all the power of the ε l,m -signal would be concentrated at m = 0 mode, and
In the opposite case, when |b| ≪ |c|, the coefficient of cross-correlation is given by
In Fig. 3 we show the dependency of K 
Normalization on l = 5 component
As alternative to the normalization of the direction of dipole modulation discussed above, we will in this section use a completely different approach, based on the minimization of power for the l = 5 multipole in the intrinsic CMB (cf. Table 3 ). The l = 5 mode of the power spectrum is one of the major sources of the parity asymmetry, clearly seen in Fig.  8 (see next section) . As in the previous section, we will exploit the fact that only the ε 5,0 ILC and ε 5,1 . Then, from Eq.(6.4) we get: Having now presented two possible directions for the dipole modulation, we investigate the correlation values between the ILC signal and the KBO-foreground. The optimal conditions for an improvement in the parity asymmetry were given at the end of section 5. In summary the optimal conditions were a high correlation between the ILC signal and the dipole modulated KBO foreground for odd multipoles, and a low correlation for the even. In fig. 7 we present the cross correlation (c.f. first part of Eq. 5.2) between the ILC signal and the KBO dipole modulated foreground, for normalization on l = 3 and l = 5. The red line symbolizes the limit of cosmic variance [23] . As is evident, the cross correlations does not perfectly fulfill the conditions from section 5 for all the multipoles. It is clear, that there is a relatively strong correlation for several even multipoles, represented by significant peaks. However, at many odd multipoles we also see distinct peaks, with several above the limit of the cosmic variance. The actual influence these correlations will have on the parity asymmetry will be explored in 8.
Notice also the correlation values for l = 3 in the left panel of fig. 7 , and l = 5 in the right. The respective directions of dipole modulation are chosen to maximize these correlation values. One sees further, that the correlation value for the even multipoles is the same in the two panels, showing that the particular direction of dipole modulation only affects the odd multipoles. However a more important point is, that for the entire range of multipoles, from 2 to 90, all the correlation values are positive. This is strong evidence, that there is a dipole modulated KBO foreground imbedded in the ILC signal. 
De-correlation of ILC and KBO
In this section we would like to discuss the possible changes in the morphology of the ILC map after removal of the modulations, associated with the KBO emission. We will concentrate on one particular model of the KBO emission, H = 30 o , using two models of normalization for Θ and Φ, discussed in the previous section. Hereafter we will call them model-l3 and model-l5. Firstly, we would like to point out that our de-correlation technique is generally unstable, since we cannot recover all the chance-correlations of intrinsic CMB and the KBO, which are sufficient for the low multipole range of the power spectrum (see [57] for details). This is why de-correlation of the ILC and KBO could only demonstrate the tendency of the changes in the morphology of the ILC, pointing at some general properties of the reconstructed (de-correlated) signal. Secondly, it would be very naive to expect that the simple model of the KBO emission, which is based on a very general symmetry of KBO distribution in space, can significantly improve the ILC map for wide range of multipoles. However, for some particular multipoles even our simple model discussed in Section 2, could be very informative with respect to the possible direction of change in the morphology of the ILC map. Let us discuss this issue in greater detail. Our first step is to assume that the intrinsic CMB, associated with de-correlated ILC map, has zero correlations with the KBO emissivity map, which allows us to set κ(l) = 0 in Eq.(5.5). Then, taking Eq.(4.2) into account, for the even and odd components independently, we can get the following equation for ς(l) and ρ(l):
Then, taking the particular models for χ l,m and ε l,m , discussed in the previous section, we can estimate the reconstructed signal from ILC 7, shown in Fig. 5 and Fig. 6 for model-l3 and model-l5. In Fig. 8 we have plotted the power spectrum of the reconstructed signal with respect to the ILC 7 power. 
Alignment and parity tests for de-correlated CMB
We now perform a test of the alignment between the quadrupole and octupole for the decorrelated CMB signals, using the publicly available code from (http : //www.phys.cwru.edu/projects/mpvector for the multipole vector approach from [51] . In Table 4 we present the quadrupole and octupole values for the l3 and l5 models. Notice that the quadrupoles are the same for the two models. This is because the normalization on l = 3 and on l = 5 only affects the odd multipoles differently, while the even are affected in the same way (see for instance Eq. 4.1). Our goal is to test, what the orientation is between the various octupoles from Table  4 and the quadrupole, and in particular the difference between the alignment for pure ILC 7 and for our KBO-foreground cleaned maps. In [51] , the authors introduce various approaches for comparing the vectors associated with two different multipoles. We use the statistic of 'oriented area', following the definition from [51] , as summarized below. wherev (l1,i) andv (l1,j) come from the l1 multipole andv (l2,k) andv (l2,m) come from the l2 multipole. That is, we cross the i'th and j'th vector from multipole l1, and the k'th and m'th vector from multipole l2, before we finally take the dot product between these two surfaces. Values close to 1 symbolizes a high level of alignment between the two planes.
Generally for a given l1 and l2 and i = j and k = m, there are M = l1(l1 − 1)l2(l2 − 1)/4 different products, meaning that for the comparison of quadrupole and octupole, we have three oriented areas (M 1, M 2 and M 3).
In Table 5 , we have summarized the result of the quadrupole-octupole alignment test for the de-correlated CMB signal, including the standard result for the ILC 7 map for comparison. As is evident from Table 5 , we have the usual strong alignment between quadrupole and octupole for the ILC. On the other hand, for the KBO-foreground cleaned signal, we see significantly reduced alignments among the three oriented areas. In summary, when we remove the KBO contribution from the ILC signal, to reduce the parity asymmetry, we see a weaker (statistically negligible) correlation between the quadrupole and octupole, than is the case for the ILC 7 map. Further, for these two models (l3 and l5) as well as for the pure ILC case, we have calculated the parity asymmetry parameter g(l) from Eq. 2.3, with n min = 2. The results are presented in fig. 9 . Primarily we see, that the parity parameter for the entire range of multipoles is improved for both the l3 and the l5 model. Also, as expected, we see the biggest improvement at l = 3 for the l3 model (red line), and a similar big improvement at l = 5 for the l5 model (blue line). The reason for the huge improvement at l = 4 is primarily the fact that for n min = 2 in Eq. 2.3, the sum in the numerator contains twice as many terms, as the sum in the denominator at l = 4. It may be possible that normalizations on other multipoles would produce stronger improvements in the parity parameter. Such an investigation will be the scope of a separate paper. Finally, in order to investigate the impact of the results in Fig. 9 , we have estimated the p-value to obtain a parity asymmetric power spectrum from pure random Gaussian and statistically isotropic CMB maps. The results for the p-value test are shown in Fig. 10 . As one can see from this figure, de-correlation of the ILC 7 by the dipole modulated KBO can significantly increases the p-value by more than one order of magnitude for l max ∼ 20 − 25. Though the actual changes in g(l), as well as in the p-value, are still low, Fig. 10 clearly shows the tendency, despite our relatively simple model for the KBO foreground (see dis-cussion in section 8).
Conclusion
In this paper, we have investigated a possible solution to the anomalous parity asymmetry in the Cosmic Microwave Background and the quadrupole-octupole alignment, related to the solar system foreground. The Kuiper Belt objects in the solar system plane can contribute to the microwave sky, and thus create a power contrast between even and odd multipoles. We have built a model of the KBO emissivity, based on the symmetry of the KBO in ecliptic coordinates. An essential part of the model is the incorporation of the dipole modulation of the ILC 7 map and KBO foreground, which transform the symmetric KBO foreground into an asymmetric part. An important point of our analysis is that by maximizing the cross-correlations between that asymmetric component and the ILC 7 odd harmonics for l = 3, and separately for l = 5, we can fix the direction of dipole modulation, and significantly change the balance between even and odd multipoles in the ILC map. To illustrate the possible changes to the morphology of the low multipole domain of the CMB power spectrum, we have applied the strongest de-correlations between the ILC 7 map and dipole modulated KBO foreground, in order to illuminate the clear improvement of the parity asymmetry and the quadrupole-octupole alignment. We have developed a method for cleaning the ILC 7 a l,m -values from the contribution of the dipole modulated KBO, thus retaining only the intrinsic CMB signal in the Ecliptic plane. It is possible to apply different weights to this filtering, allowing for various levels of parity symmetry for the low multipoles, depending on the normalization of the dipole modulation direction in the sky, and the corresponding amplitude of modulation. We have shown, that at the level where the parity is effectively restored, the quadrupole-octupole alignment would be significantly reduced down to the level of a chance correlation. In conclusion, the removal of the KBO contribution, in the framework of the dipole modulation model, requires a statistical anisotropy of the CMB of non-cosmological origin. We believe, that the coming PLANCK data, with different systematics compared to the WMAP experiment, can put a light on the problem of low multipole anomalies in the CMB.
